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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a technology for reducing 
dishing quantity on metallic wiring and securing its planarity. 
SOLUTION: A first mask pattern Fra is formed of a photoresist film 
in a region except for a wiring region on a silicon oxide film 15 and 
a second mask pattern FRb into an almost rectangular shape is 
formed in a wiring region 3Mb. The silicon oxide film is etched with 
the patterns as masks. Poles 15b, constituted of the silicon oxide 
films, are formed in the wiring region, and a Cu film 16 is formed. 
Then, the Cu film 16 is ground until the silicon oxide films 15a and 
15b are exposed, so that a metal wiring is formed. 
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METHOD OF MANUFACTURING SEMICONDUCTOR INTEGRATED CIRCUIT 

DEVICE 

* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect 
the original precisely 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] (a) the process which forms a component on the principal plane of a 
semi conductor substrate, and (b) - with the process which forms an insulator layer on 
said component (c) The process which forms the 1st mask pattern in the field except 
the wiring formation field on said insulator layer, and forms the 2nd mask pattern in 
said wiring formation field, (d) The process which forms the column which consists of 
said insulator layer in said wiring formation field by etching said insulator layer into a 
mask for said 1st and 2nd mask patterns, (e) The process which removes said 1st and 
2nd mask patterns, and the process which forms a metal layer on the (£> 
aforementioned insulator layer and said wiring formation field, (g) The manufacture 
approach of the semiconductor integrated circuit equipment characterized by having 
the process which grinds said metal layer in chemical machinery until said insulator 
layer is exposed. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention - the manufacturing technology of 
semiconductor integrated circuit equipment -- being related - especially chemical 
machinery-polish (Chemical Mechanical Polishing; CMP) ~ law was used " it embeds, it 
applies to formation of metal wiring, and is related with an effective technique. 


[0002] 

[Description of the Prior Art] as the new ultra-fine processing technology accompanying 
high integration of recent years and LSI, and high-performance-izing - chemical 
machinery-polish (CMP) ~ installation of law is advanced. 

[0003] On the other hand, with detailed-izing, increase of resistance of the conventional 
aluminum (aluminum) wiring poses a problem, and installation of Cu (copper) wiring 
with electric resistance lower than aluminum is advanced. 

[0004] For example, after forming a wiring gutter in the insulator layer deposited on 
the silicon substrate and depositing Cu film, by removing unnecessary Cu film of the 
exterior of a slot by the CMP method, Cu is embedded to the interior of a slot and it 
considers as Cu wiring, the so-called DAMASHIN (Damascene) - it is formation of Cu 
wiring by law. 
[0005] 

[Problem(s) to be Solved by the Invention] In the formation approach of the above Cu 
wiring, in case unnecessary Cu film of the exterior of a slot is removed by the CMP 
method, a part of metal membrane remains in the hollow on the front face of an 
insulator layer resulting from a substrate level difference. Since this metal residue 
causes a short circuit during embedding wiring, it needs to remove by performing 
exaggerated polish. 

[0006] However, if this exaggerated polish is performed, the phenomenon (dishing) in 
which the surface central part of embedding wiring is ground superfluously, and 
retreats rather than a periphery will occur. If such a phenomenon arises, it will become 
difficult to secure surface smoothness and subsequent processes will be affected. 
Moreover, since the cross section of embedding wiring becomes small, wiring resistance 
increases. 

[0007] By preparing the column which consists of the insulator layer called a slit and 
an island to the interior of embedding wiring, the purpose of this invention decreases 
the amount of dishing, and iis to offer the technique in which surface smoothness is 
securable. 

[0008] Moreover, other purposes of this invention decrease the amount of dishing, and 

are to offer the technique of preventing the increment in wiring resistance. 

[0009] Said purpose of this invention and the new description will become clear from 

description and the accompanying drawing of this specification. 

[0010] 

[Means for Solving the Problem] It will be as follows if the outline of a typical thing is 
briefly explained among invention indicated in this application. 


[0011] The process at which the manufacture approach of the semiconductor integrated 
circuit equipment of this invention forms a component on the principal plane of (a) 
semi-conductor substrate, (b) The process which forms an insulator layer on said 
component, and the process which forms the 1st mask pattern in the field except the 
wiring formation field on the (c) aforementioned insulator layer, and forms the 2nd 
mask pattern in said wiring formation field, (d) The process which forms the column 
which consists of said insulator layer in said wiring formation field by etching said 
insulator layer into a mask for said 1st and 2nd mask patterns, (e) It has the process 
which removes said 1st and 2nd mask patterns, the process which forms a metal layer 
on the (£) aforementioned insulator layer and said wiring formation field, and the 
process which grinds said metal layer in chemical machinery until the (g) 
aforementioned insulator layer is exposed. 

[0012] Since according to the above-mentioned means a metal layer is formed in the 
upper part and it grinds in chemical machinery after forming the column which 
consists of said insulator layer in a wiring formation field, the metal wiring width of 
face on appearance becomes small, and the amount of dishing in the polish process of a 
metal layer can be reduced. 
[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained to a detail based on a drawing. In addition, in the complete diagram for 
explaining the gestalt of operation, the same sign is given to the member which has the 
same function, and explanation of the repeat is omitted. 

[0014] (Gestalt 1 of operation) Drawing 1 is the top view showing the configuration of 
metal wiring of the semiconductor integrated circuit equipment which is the gestalt 1 
of operation. Drawing 1 shows the condition that wiring 16b was usually formed in 
parallel with **** wiring 16a. Between wiring 16b, silicon oxide film 15a is usually 
formed with these **** wiring 16a. Furthermore, in **** wiring 16a, the front face of 
column 15b (henceforth a silicon oxide column) which consists of silicon oxide film is 
exposed. 

[0015] Wiring 16b and the lower layer condition of these wiring are usually explained 
to be this **** wiring 16a using drawing 2 and drawing 3 . Drawing 2 (a) is [ the B B 
sectional view of drawing 1 and drawing 3 of the A- A sectional view of drawing 1 and 
(b) ] the C-C sectional views of drawing 1 . As shown in drawing 2 (b), wiring 16b is 
usually embedded to the interior of silicon oxide film 15a with **** wiring 16a, and as 
shown in drawing 2 (a) and drawing 3 , in **** wiring 16a, abbreviation square 
pole-like silicon oxide column 15b is formed. In addition, 1 shows a silicon substrate, 14 


shows an insulator layer, a semiconductor device is formed in the main front face of a 
silicon substrate 1, and these semiconductor devices, **** wiring 16a or wiring that 
usually connects wiring 16b etc., and a plug are formed in the insulator layer 14 so that 
it may mention later. 

[0016] Next, a production process until wiring 16b is usually formed with said **** 
wiring 16a is explained, referring to drawing 4 . First, as shown in drawing 4 (a), the 
silicon substrate 1 in which the insulator layer 14 was formed is prepared. 
[0017] in addition, although not illustrated to drawing 4 (a), semiconductor devices 
(component), such as MISFET (Metal Insulator Semiconductor Field Effect Transistor) 
which constitutes memory and a microcomputer, form in the main front face of this 
silicon substrate 1 - having - **** " two or more metal wiring and a plug - minding - 
said **** wiring 16a - or it usually connects with wiring 16b etc. 

[0018] The example is shown in drawing 10 . As shown in drawing 10 , MISFETQ is 
formed in the active field of a silicon substrate 1 in which the diffusion layer 2 was 
formed, i.e., the field in which field oxide 3 is not formed, according to the usual MOS 
device process. After forming the silicon oxide film 4 on this MISFETQ, the source of 
MISFETQ and the silicon oxide film 4 on a drain field are removed, and a contact hole 
5 is formed. Furthermore, after depositing the W (tungsten) film 6 by the spatter on 
this contact hole 5 and the silicon oxide film 4, pattern NINGU of the W film 6 is 
carried out by dry etching, and the lst layer wiring which consists of the W film 6 is 
formed. 

[0019] Furthermore, after forming the silicon oxide film 7 on the W film 6 and forming 
a contact hole 8 on the W film 6, the Cu film 9 is formed on a contact hole 8 and the 
silicon oxide film 7 by the spatter, and the plug which consists of the Cu film 9 is 
formed in a contact hole 8 by grinding by the CMP method. Next, the silicon oxide film 
10 is formed on the Cu film 9 (plug) and the silicon oxide film 7, and etching removes 
the silicon oxide film 10 of the 2nd"layer wiring formation field. The Cu film 11 is 
formed on opening produced by this etching, and the silicon oxide film 10, and the 
2nd-layer wiring which changes from the Cu film 11 to opening circles is formed by 
grinding by the CMP method. 

[0020] Furthermore, after forming the silicon oxide film 12 on the Cu film 11 and 
forming a contact hole on the Cu film 11, The Cu film 13 is formed on a contact hole 
and the silicon oxide film 12 by the spatter, the plug which consists of the Cu film 13 is 
formed in a contact hole by grinding by the CMP method - in addition Others [ form / 
(single DAMASHIN) / the Cu film 10 which serves as the 2nd~layer wiring after 
forming the plug which consists of the Cu film 9 ], After forming a contact hole 8 and 


said opening, it is also possible to form the 2nd*layer wiring by the so-called dual 
DAMASHIN which forms Cu film in a contact hole 8 and said opening. Moreover, 
although the lst-layer wiring was used as W film, it is good as Cu film as well as the 
2nd-layer wiring. 

[0021] Therefore, the embedding plug for connection with the 3rd layer wiring (for 
example, embedding plug which consists of the Cu film 13 of drawing 10 ) etc. has 
exposed the insulator layer 14 of drawing 4 to the front face of an insulator layer 14, 
including the above silicon oxide film 4, 7, 10, and 12. 

[0022] Next, as shown in drawing 4 (b), on an insulator layer 14, the silicon oxide film 
15 (insulator layer) is formed, and, subsequently to the silicon oxide film 15 top, the 
photoresist film FR is formed. Next, the photoresist film FR of the 3rd _ layer wiring 
formation field (3Ma, 3Mb) is removed, and the photoresist film FRa (the 1st mask 
pattern) with which opening of the 3rd"layer wiring formation field (3Ma, 3Mb) was 
carried out is formed. Under the present circumstances, the photoresist film FR of the 
3rd-layer wiring formation field (3Ma, 3Mb) is not removed altogether, but two or more 
abbreviation rectangle -like patterns FRb (the 2nd mask pattern) are made to remain in 
**** wiring formation field 3Mb among the 3rd layer wiring formation fields ( drawing 
4 (c)). Then, subsequently to a mask, the silicon oxide film 15 is etched and 
photoresist-film-FRa(ing) and FRb removal of the photoresist film FRa and FRb are 
carried out. Consequently, in **** wiring formation field 3Mb, abbreviation square 
pole-like silicon oxide column 15b (column which consists of an insulator layer) is 
formed among the 3rd"layer wiring formation fields. 

[0023] Next, the Cu film 16 (metal layer) is formed on the 3rd-layer wiring formation 
field (3Ma, 3Mb) including a silicon oxide column 15b top, and silicon oxide film 15a 
( drawing 4 (d)). 

[0024] Then, it grinds until silicon oxide column 15b and silicon oxide film 15a expose 
the Cu film 16 by the CMP method, and in silicon oxide film 15a, the Cu film 16 (the 
3rd-layer wiring) is embedded, and wiring (16a, 16b) is formed (refer to drawing 1 - 
drawing 3 ). 

[0025] Thus, after forming silicon oxide column 15b in **** wiring formation field 3Mb 
among the 3rd*layer wiring formation fields, since [ according to the gestalt of this 
operation ] Cu film 16a is formed on silicon oxide column 15b and the 3rd~layer wiring 
is formed by grinding the Cu film 16 by the CMP method, the amount of dishing of Cu 
film 16a is decreased, and surface smoothness can be secured. 

[0026] That is, since two or more silicon oxide column 15b is formed in **** wiring 
formation field 3Mb as shown in drawing 5 (a) if the cross-section configuration after 


Cu film 16 formation is explained to a detail, appearance-like wiring width of face 
becomes narrow, and the amount of dishing decreases. On the other hand, as shown in 
drawing 5 (b), in not forming a silicon oxide column in the **** wiring formation field 
of the silicon oxide film 55, the dishing phenomenon in which the center of **** wiring 
56a becomes depressed among the 3rd*layer wiring 56a and 56b arises, and it brings 
about the increment in the wiring resistance by the cross section of wiring decreasing. 
Moreover, surface smoothness is spoiled according to a dishing phenomenon. On the 
other hand, in order to lessen this amount of dishing, the need of controlling the 
amount of polishes by the CMP method delicately arises. 

[0027] Therefore, if the amount of dishing of Cu film 16a can be decreased like the 
gestalt of this operation, the increment in the wiring resistance by dishing can be 
prevented. Moreover, surface smoothness can be raised. Furthermore, the need for 
control of the amount of polishes is eased, and a process margin can be expanded. 
[0028] In addition, in the gestalt of this operation, although the wiring layer which 
prepares silicon oxide column 15b was considered as the 3rdlayer wiring, silicon oxide 
column 15b may be prepared in wiring of other layers. Moreover, the wiring layer 
which prepares silicon oxide column 15b is not restricted to one layer, but may be 
prepared in wiring of two or more layers. 

[0029] Since wiring width of face is usually 4 micrometers or more and ****, especially 
power-source wiring prepared in the maximum upper layer and its lower layer is 
effective if the gestalt of this operation is applied. In addition, it is desirable not to be 
restricted to power-source wiring but for wiring width of face to apply the gestalt of this 
operation in wiring of 1 micrometers or more. 

[0030] Moreover, what is necessary is just to set up suitably about the magnitude of 
silicon oxide column 15b, and its number in the range with the resistance increase 
acting as [ in the range ] a failure with a silicon oxide column. Moreover, about the 
configuration method, if it forms in the die-length direction of wiring at abbreviation 
regular intervals in consideration of wiring width of face and wiring die length, it is 
effective. Furthermore, an abbreviation square-like thing is sufficient as the top face 
which the top face as shows the configuration of silicon oxide column 15b to drawing 1 
explains not only to an abbreviation rectangle -like thing but to the following. 
[0031] (Gestalt 2 of operation) Drawing 6 is the top view showing the configuration of 
metal wiring of the semiconductor integrated circuit equipment which is the gestalt 2 
of operation. Drawing 6 shows the condition that wiring 16b was usually formed in 
parallel with **** wiring 26a. Between wiring 16b, silicon oxide film 15a is usually 
formed with these **** wiring 26a. Furthermore, in **** wiring 26a, the front face of 


column 25b (henceforth silicon oxide column 25b) which consists of silicon oxide film is 
exposed. 

[0032] Wiring 16b and the lower layer condition of these wiring are usually explained 
to be this **** wiring 26a using drawing 7 and drawing 8 . Drawing 7 (a) is [ the B B 
sectional view of drawing 6 and drawing 8 of the A- A sectional view of drawing 6 and 
(b) ] the OC sectional views of drawing 6 . As shown in drawing 7 (b), wiring 16b is 
usually embedded to the interior of silicon oxide film 15a with **** wiring 26a, and as 
shown in drawing 7 (a) and drawing 8 , in **** wiring 26a, **** square pole-like silicon 
oxide column 25b is formed. In addition, as 1 shows a silicon substrate, 14 shows an 
insulator layer and the gestalt 1 of operation explained, a semiconductor device is 
formed in the main front face of a silicon substrate 1, and these semiconductor devices, 
**** wiring 26a or wiring that usually connects wiring 16b etc., and a plug are formed 
in the insulator layer 14. 

[0033] In addition, except the configuration of two or more patterns FRb (the 2nd mask 
pattern) in the gestalt 1 of operation being an abbreviation square, since it is the same 
as that of the gestalt 1 of operation, a production process until wiring 16b is usually 
formed with said **** wiring 26a is skipped. 

[0034] Thus, according to the gestalt of this operation as well as the case of the gestalt 
1 of operation, after forming silicon oxide column 25b, Cu film is formed on silicon oxide 
column 25b, since the 3rd-layer wiring (26a, 16b) is formed by grinding Cu film by the 
CMP method, the amount of dishing of Cu film 26a is decreased, and surface 
smoothness can be secured. Moreover, the increment in the wiring resistance by 
dishing can be prevented, and a process margin can be expanded. 

[0035] Moreover, with the gestalten 1 and 2 of operation, although the silicon oxide 
column (15b, 25b) was formed only in the **** wiring formation field, as shown in 
drawing 9 , silicon oxide column 25b can usually be prepared also in a wiring (36b) 
formation field only not only in a **** wiring (36a) formation field. Thus, usually 
preparing the same silicon oxide column as a **** wiring formation field also in a 
wiring formation field, then DA data processing at the time of a mask can be simplified. 
[0036] (Gestalt 3 of operation) In the gestalt of the above operation, although the 
amount of dishing of wiring which forms a silicon oxide column in a wiring formation 
field, and consists of Cu film was decreased, as shown in drawing 11 - drawing 13 , 
column (henceforth silicon column) 31b which consists of a silicon substrate can be 
formed in the component isolation region F of a silicon substrate 1, and the amount of 
dishing of the silicon oxide film 33 embedded in the component isolation region F can 
also be decreased. 


[00371 Drawing 11 is the top view showing the configuration of the component isolation 
region (33) of the semiconductor integrated circuit equipment which is the gestalt 3 of 
operation. Drawing 12 (a) is the A- A sectional view of drawing 11 , and (b) is the BB 
sectional view of drawing 11 . Moreover, drawing 13 is the OC sectional view of 
drawing 11 . 

[0038] Drawing 11 shows the condition that two or more component formation fields Al 
- A4 were formed on the silicon substrate 1. Between these components formation fields 
(Al ■ A4), the silicon oxide film 33 (component isolation region F) is formed. 
Furthermore, in the component isolation region F, the front face of silicon column 31b 
is exposed. 

[0039] As shown in drawing 12 (a), the slot for isolation is formed in the perimeter of 
the component formation field Al of drawing 11 - A4, and the silicon oxide film 33 is 
embedded in the interior of the slot. The slot for these isolation is formed by etching a 
silicon substrate 1 into a mask in the silicon nitride formed on the component 
formation field (Al - A4) of a silicon substrate 1. Moreover, the silicon oxide film 33 is 
embedded to the interior of a slot by grinding the silicon oxide film 33 formed on the 
slot for isolation and the component formation field Al - A4 by the CMP method. 
[0040] However, since the silicon oxide film 33 will be formed on this silicon column 31b 
on the occasion of isolation since **** square pole like silicon column lb is formed in 
the component isolation region F and it will grind by the CMP method as shown in 
drawing 12 (b) and drawing 13 , the amount of dishing of the silicon oxide film 33 can 
be decreased, and surface smoothness can be secured. 

[0041] Moreover, the need for control of the amount of polishes is eased, and a process 
margin can be expanded. 

[0042] As mentioned above, although invention made by this invention person was 
concretely explained based on the gestalt of operation, it cannot be overemphasized 
that it can change variously in the range which this invention is not limited to the 
gestalt of said operation, and does not deviate from the summary. 
[0043] 

[Effect of the Invention] It will be as follows if the effectiveness acquired by the typical 
thing among invention indicated in this application is explained briefly. 
[0044] In the manufacture approach of the semiconductor integrated circuit equipment 
of this invention, since a metal layer is formed in the upper part and it grinds in 
chemical machinery after forming the column which consists of an insulator layer in a 
wiring formation field, the metal wiring width of face on appearance becomes small, 
and the amount of dishing in the polish process of a metal layer can be reduced. 


Therefore, surface smoothness is securable as a result. Moreover, the increment in the 
wiring resistance by dishing can be prevented, and a process margin can be expanded. 


DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing l] It is the top view showing the configuration of metal wiring of the 
semiconductor integrated circuit equipment concerning the gestalt 1 of operation of 
this invention. 

[Drawing 2] (a) is the A- A sectional view of drawing 1 , and (b) is the BB sectional view 
of drawing 1 . 

[Drawing 3] It is the OC sectional view of drawing 1 . 

[Drawing 4] It is the important section sectional view of the substrate in which the 
manufacture approach of the semiconductor integrated circuit equipment of the gestalt 
1 operation is shown. 

[Drawing 5] (a) is a sectional view for explaining the cross- section configuration after 
wiring formation to a detail, and (b) is a sectional view for explaining the effectiveness 
of this invention. 

[Drawing 6] It is the top view showing the configuration of metal wiring of the 
semiconductor integrated circuit equipment concerning the gestalt 2 of operation of 
this invention. 

[Drawing 7] (a) is the A- A sectional view of drawing 6 , and (b) is the BB sectional view 
of drawing 6 . 

[Drawing 8] It is the OC sectional view of drawing 6 . 

[Drawing 9] It is the top view showing the configuration of metal wiring at the time of 
forming a silicon oxide column also in usual wiring of semiconductor integrated circuit 
equipment. 

[Drawing 10] It is drawing for explaining the component and wiring which are formed 
on the silicon substrate. 

[Drawing 11] It is the top view showing the configuration of the component isolation 
region of the semiconductor integrated circuit equipment concerning the gestalt 3 of 
operation of this invention. 

[Drawing 12] (a) is the A-A sectional view of drawing 11 , and (b) is the BB sectional 
view of drawing 11 . 

[Drawing 13] It is the CC sectional view of drawing 11 . 
[Description of Notations] 


1 Silicon Substrate 

2 Diffusion Layer 

3 Field Oxide 

4 Silicon Oxide Film 

5 Contact Hole 

6 W Film 

7 Silicon Oxide Film 

8 Contact Hole 

9 Cu Film 

10 Silicon Oxide Film 

11 Cu Film 

12 Silicon Oxide Film 

13 Cu Film 

14 Insulator Layer 

15 Silicon Oxide Film 
15a Silicon oxide film 
15b Silicon oxide column 

16 Cu Film 
16a **** wiring 
16b Usually, wiring 
FR Photoresist film 
FRa Photoresist film 

FRb Abbreviation rectangle "like pattern 

3Ma(s) It is usually a wiring formation field. 

3Mb(s) **** wiring formation field 

Q MISFET 

26a **** wiring 

25b Silicon oxide column 

36a **** wiring 

36b Usually, wiring 

31b Silicon column 

33 Silicon Oxide Film 

Al ■ A4 Component formation field 

F Component isolation region 

56a **** wiring 

56b Usually, wiring 


Abstract: 

PROBLEM TO BE SOLVED: To provide a technology for reducing dishing quantity on 
metallic wiring and securing its planarity. 

SOLUTION: A first mask pattern Fra is formed of a photoresist film in a region except 
for a wiring region on a silicon oxide film 15 and a second mask pattern FRb into an 
almost rectangular shape is formed in a wiring region 3Mb. The silicon oxide film is 
etched with the patterns as masks. Poles 15b, constituted of the silicon oxide films, are 
formed in the wiring region, and a Cu film 16 is formed. Then, the Cu film 16 is ground 
until the silicon oxide films 15a and 15b are exposed, so that a metal wiring is formed. 

[Translation done.] 
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